In the last decades, a promising breakthrough in fluorescence imaging was represented by the advent of super-resolution microscopy (SRM). Super-resolution techniques recently became a popular method to study sub-cellular structures, providing a successful approach to observe cytoskeletal and focal adhesion proteins. Among the SR techniques, single-molecule localization microscopy plays a significant role due to its ability to unveil structures and molecular organizations in biological systems. Furthermore, since they provide information at the molecular level, these techniques are increasingly being used to study the stoichiometry and interaction between several membrane channel proteins and their accessory subunits. The aim of this review is to describe the single-molecule localization-based techniques and their applications relevant to cytoskeletal structures and membrane complexes in order to provide as future prospective an overall picture of their correlation with the mechanosensor channel expression and activity.
There are a number of super-resolution techniques and these established methods, coupled together with very recently developed technological advancements in computer analysis, have led to growing usage of far-field super-resolution microscopy as a tool for studying biological processes at the sub-cellular level. The key element is represented by the ability to identify two different states (i.e., a bright and a dark one) and the possibility to induce a controlled light-driven transition from one state to the other. In particular, imaging can be based either on "stochastic" or "targeted" switching for subsequent localization of fluorescent emitters. Among the "targeted" readout family, mainly based on the RESOLFT concept (Chmyrov et al. 2013 ) (REversible Saturable Optical Linear Fluorescence Transitions), a prominent role is played by stimulated emission depletion (STED) (Hell and Wichmann 1994; Bierwagen et al. 2010; Vicidomini et al. 2018 ) and ground-state depletion microscopy (GSD) . A relevant role is also played by single-molecule localization (SML) microscopy, a "stochastic" approach in which single emitters can be localized with nanometric precision, thus providing direct information at the molecular scale. Several variants, corresponding to different photophysical process exploited to reach the dark state, were proposed in the last years. Among them, the most popular ones are photoactivation localization microscopy (PALM) (Betzig et al. 2006) , fluorescence photoactivation localization microscopy (fPALM) ), stochastic optical reconstruction microscopy (STORM) (Rust et al. 2006) , and points accumulation for imaging in nanoscale topography (PAINT) (Schnitzbauer et al. 2017; Giannone et al. 2010) . Recently, the need of extending the SR studies from sub-cellular compartments to larger samples (such as whole cells, tissues, whole organisms, or three-dimensional tissue models) leads to the development of novel SR approaches. Within this context, a further step towards volumetric imaging is represented by SR methods based on lattice microscopy (Chen et al. 2014; Aguet et al. 2016; Valm et al. 2017) , light-sheet microscopy (Cella Zanacchi et al. 2011; Galland et al. 2015; Lu et al. 2019) , and other techniques (Chen et al. 2018) .
Despite the fact that SR techniques are currently well established, there is still room for improvement: nowadays, the current challenges are often related to their optimization to match the needs of biological samples, tuning their implementation to facilitate the study of biologically relevant mechanisms. There are several aspects that users have to face in order to properly address specific biological questions when using SR. For example, what is the best strategy for sample preparation and labeling? How should super-resolution in live cells be performed? Providing answers to such questions is becoming increasingly important for overcoming current limitations in biological applications. Indeed, additional aspects can affect the performances and they need to be considered. By way of example, when conducting live-cell imaging experiments, it is essential to minimize phototoxicity effects, thereby preserving the cellular response from light-induced impairment. Also, sample preparation procedures have a strong impact on the image quality and can affect the information gained by super-resolution. In this context, it is important to identify the optimal staining method for cell imaging, ideally able to label proteins at the endogenous expression levels with small fluorescent tags. Despite the crucial role played by these factors and the increasing possibilities available, a commonly recognized "best strategy" has still not yet been identified.
Single-molecule localization microscopy and quantitative approaches
Over the last few years, localization-based techniques, which exploit photoactivation, photoconversion, or ground-state depletion of fluorescent molecules, have become popular tools to study biological structures with unprecedented resolution. The common principle behind these techniques is the capability to collect the signal coming from a single emitter and to localize its position with nanometric precision (Deschout et al. 2014a ) ( Fig. 1a ). All the molecules can be localized and, after a sufficient number of localization cycles, the final image can be obtained by mapping all the localized positions ( Fig. 1b ). Molecules are commonly detected using a widefield architecture (Fig. 1c ). The localization precision typically ranges from 5 to 30 nm and depends from the number of detected photons per molecule (Mortensen et al. 2010; Deschout et al. 2014a ). It can be analytically described by Eq. (1)
where N is the number of photons, σ 2 a ¼ s 2 þ a 2 12 , s is the related system point spread function (PSF), a is related to the pixel size, and b is the background (Mortensen et al. 2010 , Deschout et al. 2014a .
Since these techniques provide information at the molecular scale, they not only give an imaging tool the ability to overcome the diffraction barrier but they also represent a powerful tool to effectively quantify protein distributions in biological systems. Besides affording resolution far below the diffraction limit, there are several other pieces of quantitative information that can be accessed. For instance, the possibility to image single molecules at high frame rates allows also to track individual molecules and to estimate mobility and interactions of proteins (Manley et al. 2008; Balint et al. 2013; Nozaki et al. 2017 ). Furthermore, the advent of specific probes designed for super-resolution, such as photo-switchable dyes and photoactivatable fluorescent proteins, made superresolution particularly attractive for quantitative studies. Single-molecule datasets can be potentially used to get precise information about the protein copy numbers at the cellular level. Advances in this field have led to the possibility for detection of single molecules and for the development of molecular counting approaches based on stepwise photobleaching (Ulbrich and Isacoff 2007) . The use of genetically encoded fluorescent proteins combined w i t h t h e p o s s i b i l i t y t o f u l l y c h a r a c t e r i z e t h e photoactivation process has opened the way to stoichiometry estimation (Durisic et al. 2014) . Moreover, the nature of the super-resolution stochastic approaches, thanks to the repeated localization of single fluorophores, allows direct use of the localizations number for precise protein counting. In this context, over the last few years, attention has been focused on developing quantitative approaches to discriminate between localized clusters and random distributions (Deschout et al. 2014b; Nicovich et al. 2017) . In principle, even simple and intuitive methods for clustering, such as nearest-neighbor distribution, could be proposed to study whether target molecules were clustered or not. Several clustering approaches are becoming more and more popular for cluster segmentation from single-molecule localization data (Nicovich et al. 2017 ). Among them, approaches based on density (Ester et al. 1996; Ricci et al. 2015) , mesh representation (Levet et al. 2015) , and graph theory (Pavan MaP 2007; Pennacchietti et al. 2017) can be used to discriminate if points belong to the same cluster depending upon the number of molecules localized in the neighbor regions. Cluster analysis shed new light in the quantitative study of protein of interest assemblies in biological systems (Nicovich et al. 2017 ).
Stain proteins for single-molecule localization microscopy
Several labeling methods are available (Table 1 ) and the optimal staining strategy has to be identified depending upon the experiments and the sample requirements. Since the methods currently available provide different advantages and drawbacks, a balance between the needs and the performances is mandatory. Indirect immunofluorescence permits imaging at the endogenous expression level, but is not compatible with live-cell imaging. On the other side, fluorescent proteins (FPs) are suitable for live-cell staining but impose some restrictions due to overexpression and their big size. This problem can be faced using the emerging CRISPR/Cas9 technique, but the considerable size of FPs can impair the behavior of the protein of interests under investigation. For this reason, particular attention is now addressed to small chemical tags compatible with live-cell imaging.
Indirect immunofluorescence is the most used labeling procedure for super-resolution imaging to identify proteins of interest (POI) in a biological sample (e.g., cell, tissue) (Vira et al. 2010; Hermanson 2013; Sednev 2015; Sednev et al. 2015) . In this technique, the POI is identified by adding primary antibody specific to the target. The second step is to apply secondary antibody pre-labeled with the appropriate fluorescent dye (Vira et al. 2010; Hermanson 2013; Odell and Cook 2013; Sednev 2015; Sednev et al. 2015) ( Fig.2a,b ). Primary and secondary antibodies are obtained from animals (mice, rabbits, goats, donkeys, etc.) and the secondary antibody is achieved against primary antibody (again from mice, rabbits, goats, donkeys, etc.) as immunoresponse to the target antigen. The advantage of this method is that it is possible to produce secondary antibodies labeled with a wide range of fluorescent dye that is able to recognize many species-specific primary antibodies. An interesting development of typical antibodies is single-domain antibodies, called nanobodies, that are about 15 kDa that is particularly suitable in super-resolution optical microscopy application due to their small size that leads to a more correct evaluation of the dimensions of biological objects (Ries et al. 2012 ). Nevertheless, immunofluorescence microscopy is possible only by fixing and permeabilizing cells, and these processes may cause protein efflux and relocalization; therefore, it is important to combine immunofluorescence measures with in vivo cell imaging. Thus, new labeling strategies are required for implementation of the super-resolution optical microscopy in living cells (Schnell et al. 2012 ). Nowadays, the use of fluorescent proteins (FPs) fused with a protein of interest is a powerful and essential tool to observe cell processes and structures in vivo by using fluorescent microscopy as well as super-resolution microscopy (SRM). Fluorescent proteins are genetically encoded and they can be fused with a gene of interest and inserted into an expression vector using genetic engineering techniques (Fig. 3a) . A class of fluorescent proteins, the photoactivatable fluorescent proteins (PA-FPs), have properties that make them especially suitable for singlemolecule-based super-resolution imaging techniques (Siyuan Wang and Xiaowei Zhuang 2014): first of all, their high photon output means more accurate localization and leads to higher image resolution (Dempsey et al. 2011; Konstantin et al. 2005) ; second, the property of on-off switching rate ratio (on-off ratio), defined as the ratio between the on-switching (activation) and off-switching or photobleaching rates under the illumination of the imaging light only (Dempsey et al. 2011 ). The on-off ratio limits the density of dyes that can be confined, and this influences the actual image resolution based on the Nyquist sampling theorem . Another PA-FPs feature is the high signaling efficiency (ratio between the number of detectable PA-FP-fusion molecules per cell): only a subset of PA-FP proteins can be photoactivated and imaged and thus, the number of fusion proteins detected could be lower than the overall expressed.
Most PA-FPs are classified into two groups: EosFP-like that switches from a green fluorescent state to an orange state (Jörg Wiedenmann et al. 2004; Tsutsui et al. 2005 ) upon photoactivation, and PA-GFP-like that switches from a dark state to a green fluorescent state (Patterson and Lippincott-Schwartz 2002; Ryoko Ando and Miyawak 2004) (Dmitriy et al. 2004 ), PSCFP2 (Dmitriy and Chudakov 2007; Hao Chang et al. 2012) , Dronpa (Ryoko Ando and Miyawak 2004) , and mGeosM (Fedor et al. 2009 ). Several PA-FPs (such as PAmCherry) have been especially designed for PALM/fPALM imaging (H. Patterson 2008) and the green to red photoconvertible proteins (such as Dendra 2, mEos2) have also been extensively used in SML. In case of green to red photoconvertible fluorescent proteins, UV light causes a passage from the green state to a photostable red fluorescent state due to an irreversible light-induced modification of their chromophores. Their stability and robustness make them perfect fluorescent tags to track dynamics of POI within cells (Baker et al. 2010 ) and to perform SML imaging (Gunewardene et al. 2011) . Differently, the photoswitchable fluorescent proteins (such as Dronpa) are proteins that upon excitation at a certain wavelength can be switched on and off by light in a reversible manner. Moreover, the photoswitchable fluorescent proteins can repeat cycles of activation and deactivation, and for this, features have found a strong utility in SR time-lapse microscopy in living cells (Zhou and Lin 2013) . Some chimera proteins obtained from the union of photoswitchable fluorescent proteins and POI are used in SR techniques such as reversible optically linear fluorescence transition (RESOLFT) (Hofmann et al. 2005 ) and stochastic optical fluctuation imaging (SOFI) (Hertel et al. 2016) .
Although the use of fusion POI with PA-FPs/FPs is the main method to observe live cells by SRM, this approach has a few drawbacks mainly due to the size of the reporter proteins that could perturb the POI itself. To overcome this issue, a recent technique was developed: the chemical tag (Wombacher and Cornish 2011) . This method consists of joining the gene of POI with a short sequence coding for a peptide sequence, necessary to create a protein fusion tag (Fig. 3b ). Compared with FPs, chemical tags are smaller and can be combined with a large range of fluorescent dyes. Different peptides have been developed to study proteins in living system: Halo-tag (Los et al. 2008) , Snap-tag (Keppler et al. 2003) , TMP-tag (Gallagher et al. 2009 ), beta-lactamase-tag (Watanabe et al. 2010) , ACP-tag (George et al. 2004 ), tetracysteine-tag (Hoffmann et al. 2010) , and LpIA acceptor peptide (Uttamapinant et al. 2010) . The most commonly used fusion peptides in optical probe development in fluorescent microscopy are the Snap-tag and the Halo-tag proteins. Snaptag covalently reacts with O 6 -benzylguanine (BG) derivatives that carry fluorescent dyes (Fig. 3b) (Keppler et al. 2003; Kindermann et al. 2004 ). The Halo-tag protein is an engineered mutant of a bacterial dehalogenase that allows it to form an irreversible covalent compound with chloroalkane ligand (Los et al. 2008) . The reaction between the Snap-tag and Halo-tag with their relevant substrates generates stable compounds for which the stoichiometry and kinetics of the reaction are rapid and predictable (Uttamapinant et al. 2010) . In in vivo fluorescent microscopy, a mandatory feature of fluorescent dyes carried on substrates for tag proteins is to be permeable to the cell membranes, in order to reach intracellular fusion tag proteins. This propriety is exclusive for few chemical dyes that show cell permeability, such as the neutral fluorophores based on coumarin and rhodamine scaffolds (Keppler et al. 2003; Encell et al. 2012; Gautier et al. 2008; Lukinavicius et al. 2013) .
A leitmotiv of in vivo and in vitro SRM is the attempt to create smaller and smaller fluorescent markers that allow for specific labeling in regions that, due to the dimensions, are inaccessible to traditional tags, in order to improve the imaging performance. Furthermore, smaller fluorescent tags improve the resolution and facilitate the correct localization of the POI. From this point of view, the SR performances strongly benefit with the use of chemical tags; the little DNA sequences fused together with the POI gene (to reduce perturbations in the biological systems) are marked by small tags.
Within this scenario, the use of nanobodies in indirect immunofluorescence permits more detailed imaging due to the little size of single-domain antibodies compared with a whole antibody (Ries et al. 2012) .
One last observation is about how the POI gene fused with FP, PA-FPs, or Tag sequences enters inside eukaryotic living cells in order to be expressed and studied. In the majority of live cells SRM works, the method that was used is the transient or constitutive transfection. Transfection can be obtained via two possible methods: the physical ones that include electroporation, microinjection and ballistic delivery with a gene gun, and the chemical ones, based on chemical agents that create a layer around the negatively charged nucleic acids to neutralize their charge and pass through the plasma membrane (for example, calcium phosphate co-precipitation, diethylaminoethyl-dextran, or cationic lipid-based transfection reagent). Furthermore, the transfection can be transient when the cells express the foreign gene for a few days but do not integrate it into their genome. A stably transfected cell line is realized when the foreign gene becomes instead part of the genome and the transfected cells and their descendants stably express the chimera proteins. However, the forced expression of host fusion proteins causes many artifacts such as overexpression, protein aggregation (Mark et al. 2009 ), abnormal shape of sub-cellular organelles (Harder et al. 2004) , and other unwanted effect (Voeltz et al. 2006; Birchler and Veitia 2012; Gibson et al. 2013) . To overcome these artifacts affecting SRM studies, the emerging CRISPR/Cas9 technique could be employed since it offers the possibility to induce targeted deletions, insertions, and precise sequence changes in the genomic DNA of different organisms and cell types (Sander and Joung 2014) . This method is based on nuclease Cas9 that cut DNA double-strand sequences at any genomic site defined by a 20-bp-long guide RNA (gRNA), complementary to the target site that contains an upstream protospacer adjacent motif (PAM) (Ratz et al. 2015) . The cell endogenous homology-directed repair systems (HDR) can be used to introduce specific point mutations or to insert desired sequences (i.e., a fluorescent protein) through recombination of the target locus with exogenously supplied DNA donor templates (Sander and Joung 2014) . Since insertion of the new gene occurs inside the native sequence without altering the regulatory sequence, the expression of the fusion proteins is close to that of the endogenous one.
Biological applications of SML (examples)

Live-cell super-resolution imaging
The initial use of PA-FP fusion proteins to obtain nanometric positional resolution is described in the paper of Hess et al. 2006 (Betzig et al. 2006 . This work introduced the PALM technique for analysis of cells transfected with specific target proteins such as dEos-fused vinculin in focal adhesion, dEosFP-fused actin visualized in cytoskeletal stress fibers and within lamellipodium, and dEosFP-fused Gag protein of human immunodeficiency virus1 retroviral protein distribution in the whole plasma membrane. Through the use of PALM tracking techniques, Frost et al. (2010) found that spines of living neurons contain localized foci of actin polymerization not exclusively at the postsynaptic site (Frost et al. 2010 ). This technique focused on photoactivation followed by photobleaching of the whole spine of the neuron transfected with PA-GFP actin. As the spine refills with new monomers of actin, that can be polymerized, the spine was again photoactivated. The pattern of fluorescence intensity following subsequent activation shows where new actin monomer was absorbed into the filament between the two laser pulses. With this procedure, the authors demonstrated that actin was incorporated (for the most part) into the center of the spine as well as to a remarkable amount into the tip. Many other studies have characterized the function of the actin as a key cytoskeletal protein in membrane organization by proposing different mechanisms (Sheetz 1983; Chichili and Rodgers 2007) .
The work of Grimm et al. (2015) is focused on the creation of a class of tag dyes that improve brightness and photostability, in order to perform SRM experiments. In their 2015 study, the authors compared the performances of commercial Snap-tag ligand with a novel azetidinyl derivative in H2B-Snap-tag expressing HeLa cells and performed STORM experiments on fixed U20S cells expressing Halo-tag-H2B labeled with new dye JF 646 Halo-tag ligand. These tags opened new possibilities for potential live imaging.
Jakobs et al. in 2014 compared the endogenous level expression of native fluorescent proteins tagged by using CRISPR/Cas9 technique with the expression of the same fused proteins in transiently transfected cells (Ratz et al. 2015) . The authors studied three proteins using the CRISP/ Cas9 technique by fusing the rsEGFP2 gene at HMGA1, VIM, and ZYX loci, obtaining three corresponding fusion proteins: the DNA-binding non-histone mobility protein, HMG-I-rsEGFP2, the class-III intermediate filament protein, Vimentin-rsEGFP2, and the focal adhesion plaque protein, Zyxin-rsEGP2. The expression level in knock-in cells and, upon transient expression, was compared quantitatively with fluorescence-activated cell sorting (FACS) and with the superresolution technique RESOLFT. The authors concluded that "FACS analysis and fluorescence microscopy revealed that the expression levels of the fusion proteins were largely constant within each clonal knock-in cell line, whereas they varied by orders of magnitude in transfected cells, which likely accounts for many of the observed artefacts". Using these gene-edited cell lines and RESOLFT nanoscopy, they demonstrated an optical resolution of about 40 nm while allowing multiple recordings to visualize sub-cellular dynamics of HMG-I-, Vimentin-, or Zyxin-rsEGFP2 fusion proteins expressed at endogenous levels in living cells.
Quantitative SML to study ion channels
The development of specific probes suitable for SR, such as photoactivatable markers, provides an attractive tool for quantitative studies. Within this scenario, the advances in the SR field lead to the possibility to count molecules using stepwise photobleaching approaches (Ulbrich and Isacoff 2007; Durisic et al. 2014; Fricke et al. 2015) . This opens the way to the study of the stoichiometry of different membrane-bound proteins and to resolve the assembling of the molecular complexes. Indeed, the structure of heterodimeric complexes, such as ion channels and their subunits, can be identified. Key examples are the studies of acid-sensing ion channel (Bartoi et al. 2014) , NMDA receptors (Ulbrich and Isacoff 2007) , and the heteromeric glycine-gated channels (Durisic et al. 2012) . One of the most biologically relevant complexes, whose stoichiometry is still controversial, is the group of the potassium channel complex that generates the repolarizing cardiac current. The union between a tetrameric voltage-gated K + channel and type I trans-membrane regulatory subunit is known. However, the determination of the exact number of regulatory subunits is still a matter of much debate (Nakajo et al. 2010; Kobertz 2014; Plant et al. 2014) . The quantitative capabilities provided by SML made this technique an extremely promising tool to study unknown heteromeric complexes formed by ion channels such as mechanosensitive channels.
SLM to study cytoskeletal and associated proteins
The cytoskeletal filaments, along with a large number of regulatory proteins and organelles, carry out multiple cellular functions contributing to mechanical, morphological, and signaling properties of the cell (Fletcher and Mullins 2010) . In the last years, the advances in light microscopy allowed a better understanding of the organization, composition, and functionality of the cytoskeletal system. Both PALM and STORM provided an insight into the protein components of the cytoskeleton and their relationship with other organelles at a nanometer-scale resolution, impossible to achieve before (Pollard and Cooper 2009) . Since microtubules and actin networks are well-characterized structures having dimensions comparable with the achievable spatial resolution with SMLM, they were initially used to test the resolving power of SMLM (Patterson et al. 2010; Sigal et al. 2018 ) and the localization efficiency (Endesfelder et al. 2014) . 3D STORM imaging of microtubules in HeLa cells shows the improvement in spatial resolution that allows for the determination of each filament in the three dimensions (Fig. 4a, b) .
Several publications attest to these advances in the study of the cytoskeleton achieved through SMLM during these years. With the aid of super-resolution, for the first time, it was possible to image individual actin filaments despite their thin diameter and highly dense network. The tridimensional structure of actin polymer was resolved in sheet-like cell protrusions that support cell motility. 3D STORM imaging revealed two vertically separated actin layers forming separate and structurally different networks interacting with focal adhesions ).
An exciting discovery concerning cytoskeleton has been the membrane-associated periodic skeleton (MPS), a quasi-1D periodic structure observed in neuronal axons by STORM imaging. MPS consists of actin filaments capped by ring-like structures (adducin) that wraps around the axon circumference. These rings are connected to each other by means of spectrin tetramers along the major axis of the axon. Sodium channels are distributed in a periodic pattern in coordination with the actin-spectrin-based cytoskeleton (Xu et al. 2013) .
In recent work, Pan et al. resolved the ultra-structure of cytoskeleton in native human erythrocytes by means of STORM super-resolution microscopy. They observed spectrin tetramers connected by junctional complexes containing short-actin filaments and capping proteins. In detail, they measured an 80-nm junction-to-junction distance that means that spectrin tetramers are in a relaxed state rather than in a stretched one. This configuration may be functional for erythroid cells to allow them to undergo expansion or compression as they usually do while traversing the circulatory system (Pan et al. 2018) . In addition to the investigation on the cytoskeletal polymeric network, other associated structures, such as focal adhesions, have been the focus of research. The function of focal adhesions, macromolecular assemblies connecting the intracellular actin network with the extracellular matrix, is significant and ranging from cell adhesion, migration, anchoring, mechanosensing, and signaling. Focal adhesions consist of large complexes of trans-membrane integrins and cytoplasmic proteins, such as talin, α-actinin, and vinculin, which form plaques (Sydor et al. 2015) . Figure 5 shows a super-resolution image of vinculin in the focal adhesions of a HeLa cell, acquired with STORM microscopy. Single-molecule imaging and cluster analysis have shed new light on the nanoscale protein organization of focal adhesion.
Two-color PALM has been used to determine colocalization of vinculin and paxillin, showing that they actually form nano-aggregates (Shroff et al. 2007 ) of focal adhesions, where talin plays a central role in organizing the focal adhesion strata (Kanchanawong et al. 2010 ). There are several processes that are mediated by the cytoskeleton and connected with microtubule-associated proteins. One of the most fascinating aspects is the intracellular transport, in which motor proteins' dynamics plays an important role. Motor proteins (i.e., dyneins, myosins, and kinesins), also called molecular motors, bind to the cytoskeleton and move along microtubules and actin filaments bringing cargos. The role of these nanometric motors mainly consists of the intracellular trafficking of proteins and vesicles (Kolomeisky and Fisher 2007; Kolomeisky 2013) . In 2013, Bàlint et al. (Balint et al. 2013) used an all-optical correlative imaging method based on single-particle tracking and stochastic optical reconstruction microscopy to investigate how the intersection points among microtubules or between microtubules and actin filaments affect the motion of motor proteins and, as a consequence, the cargo transportation inside the cell. They discovered that, after pausing, motors can pass through intersection when the gap is smaller than~100 nm without changing the direction of their movement (anterograde or retrograde) (Balint et al. 2013) . In more recent work, they have further demonstrated the 3D motion of vesicles carried by motor proteins, clarifying the mechanism that permits them to circumvent obstacles, like intersections (Verdeny-Vilanova et al. 2017) . Quantitative SML can be used to gain a quantitative insight, elucidating the minimum number of motors responsible for cargo transportation. Quantitative tools can be used (Cella , to show that dynein form multimers organized in nanoclusters along microtubules and to reveal the number of dyneins in each assembly (Cella Zanacchi et al. 2019 ).
Application to mechanosensitive channels and future perspectives
Mechanosensitive channels are proteins expressed in mechanosensitive cells that react to mechanical forces and contain a pore-forming subunit for ion conduction (Syeda et al. 2016) . Emerging studies are focused on the role between cellular components that are required for gating MS channels like auxiliary subunit and cytoskeleton factors (Martinac 2014; Syeda et al. 2016) . For example, in Drosophila, with regard to the mechanically activated channel NOMPC (no mechanoreceptor potential C), it was found that a cytoskeleton connection is required in order to observe mechanosensitivity properties . Furthermore, it was detected that the sensitivity of the mechanosensor protein PIEZO1 to mechanical indentation is modified if the cytoskeleton is chemically disrupted (Gottlieb and Sachs 2012) . In this state of the art research, a key question is the identification of which cytoskeleton structures co-works with MS channels and if they act as accessory proteins.
The proven ability of SML to investigate cytoskeletal structures suggests this technique as an optimal strategy to study their role in the MS channel activity. First, SML can help by localizing both cytoskeletal proteins and adhesion complexes involved in the regulation of MS channel activities. On the other hand, the possibility to study the stoichiometries of molecular complexes by quantitative SML will provide novel insights into the structure of MS channels and their potential accessory proteins. In this direction, a first example is given by the work of Van den Berg and colleagues (van den Berg et al. 2016) , in which the channel abundance of MscS, MscL, and MscK in the E. coli plasma membrane was studied by quantitative PALM (Fig. 6a-c) .
As a future perspective, the combination of these approaches will provide an overall picture of the correlation of the focal adhesion proteins, actin, and tubulin filaments with the MS channel expression and activity.
